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Precursors in the Subpallium
The existence of regional differences in the specificaThe generation of cortical GABAergic interneurons extends through a lengthy period of embryonic neurotion of neural progenitors has been shown to mediate the generation of neuronal diversity in different strucgenesis in the telencephalon. In mice, for example, interneurons are generated during a period that extends tures of the CNS. In the spinal cord, the best-characterized system so far, graded signaling by morphogenroughly from embryonic day (E) 12.5 to birth. GABAergic interneurons tangentially migrating to the neocortex etic molecules defines distinct domains of progenitor cells characterized by the expression of a specific comand hippocampus arise from multiple proliferative regions of the subpallial telencephalon, including the latbination of homeodomain proteins. Subsequently, the homeodomain proteins expressed by progenitor cells eral, medial, and caudal ganglionic eminences (LGE, MGE, and CGE, respectively), and perhaps the anterior seem to specify the identity of each of the classes of postmitotic neurons that derive from individual progenientopeduncular region ( (Flames et al., 2004) . Third, in vitro experiments showed that cultured cells derived from the MGE though migrating interneurons require some "extra time" to reach the pallium and they appear to enter the predominantly differentiate to PV-and SST-expressing GABAergic interneurons, whereas cultured cells obdeveloping cortical plate both from superficial and deep routes. Similar to projection neurons, laminar tained from the CGE give rise to CR-expressing GABAergic interneurons (Xu et al., 2004) . These experiacquisition is also dependent on interneuron progenitor receptivity to environmental cues during their last round ments suggest that, out of the three major groups of cortical GABAergic interneurons, both PV+ fast-spiking of cell division, suggesting that interneurons are already specified with respect to their future layer destiinterneurons and SST/CB+ burst-spiking interneurons may derive from the MGE, whereas CR/VIP+ regularnation before the initiation of their long-distance tangential migration (Valcanis and Tan, 2003) . spiking interneurons may come from the CGE. In line with this view, a recent study using GAD65-GFP transAs described above, current data suggest that birth date may influence regional and laminar differences in genic mice as a tool to study the migration of a fraction of cortical interneurons suggested that calretinincortical interneuron development, but the extent to which there is a relationship between birth dates and expressing interneurons derive primarily from the CGE (López-Bendito et al., 2004 ). These observations are adult interneuron phenotypes is presently unclear. Birth date periods largely overlap among the major interneualso supported by genetic data, since cell cultures derived from dissociated cortices obtained from E18.5 ron subtypes (PV, SST/CB, and CR/VIP), suggesting that a relation between neurogenesis timing and interTitf1 mutant embryos do not contain PV-or SSTexpressing neurons, whereas the number of CR interneuron specification may not exist. Nevertheless, cortical CR/VIP interneurons appear to be born in a relaneurons is similar to that found in cell cultures derived from control cortices (Xu et al., 2004) . This genetic evitively narrow window of time within the CGE (Xu et al.,  2004) , suggesting that this region may give rise to a dence reinforces the notion that CR-expressing inter-different type of interneuron afterward. Moreover, lamiare preserved in vivo. In addition, it remains to be elucinar fate of CR/VIP interneurons in the visual cortex dated which factors are responsible for the expression does not seem to follow the typical inside-out order deof Dlx1/2 and Mash1 genes in the pallium, as well as scribed for other interneuron types (Yozu et al., 2004) . the specific characteristics that may distinguish pallial These results suggest that the alignment of interneufrom subpallial-derived GABAergic interneurons. In this rons may be regulated differentially at least for some context, however, it should be noted that it is still uninterneuron subtypes. 
Terminal Differentiation of GABAergic
The spatial and temporal coordinates of progenitor Interneurons in the Cortex cells in the subpallium appear to be strong predictors As described above, increasing evidence suggests that of the specific cortical GABAergic interneuron subtype early specification of progenitor cells in the subpallium they generate. This highly deterministic view of cortical largely accounts for the emergence of cortical interneuinterneuron development would suggest that, as in ron diversity. However, it is also clear that differentiation other regions of the CNS, the generation of cortical inof cortical interneurons is controlled by environmental terneuron diversity relies primarily on the developfactors that act in combination with the patterning mental expression of specific combinations of homeomechanisms. For example, both activity and growth domain proteins in different progenitor pools. However, factors are required to regulate PV expression in a spethe limited number of transcription factors with recific subset of cortical interneurons (Huang et al., 1999;  stricted temporal or spatial expression in the subpalJones et al., 1994). Interestingly, cells with the morphollium seems insufficient to explain the diversity found in ogy of this class of interneurons (e.g., basket and chanthe cortex. Moreover, considering the ever-expanding delier neurons) develop in the absence of these factors, list of distinct cortical GABAergic subtypes that appear suggesting that the development of class-specific morto exist in vivo, it is likely that the present subdivision phological features might be partly activity indepenof the subpallium into a few broad progenitor domains dent (Patz et al., 2004) . Moreover, one of the most only represents a fraction of the progenitor pools preprominent features that distinguish different classes of sent in this region of the telencephalon. The identificainterneurons, the specific targeting of synapses to distion of additional transcription factors with such retinct subcellular compartments of the postsynaptic stricted patterns of expression would greatly support neuron, develops independent of thalamic input and the hypothesis that cell type specification mechanisms probably involves molecular labels and experiencein the telencephalon match those described in the spiindependent forms of activity (Di Cristo et al., 2004) . nal cord. We anticipate that dissecting further the comIn the adult cortex, specific interneuron subtypes are binatorial code underlying the segregation of progenidifferentially distributed in distinct areal positions tor domains in the subpallium will turn out to be (DeFelipe, 1997). In addition to specification mechaextremely useful for understanding the diversity of cornisms-presently unknown-that may act to restrict the tical interneurons subtypes, a goal that has proved distribution of specific subtypes of interneurons to dischallenging to attain. tinct regions of the cerebral cortex (e.g., through the expression of specific guidance receptors), epigenetic mechanisms appear to contribute to the emergence of ferential MGE and CGE potentialities observed in vitro
